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Abstract.  The Canadian economy relies largely on natural resources, yet processing of 
these resources and/or associated by-products is well known to negatively affect the envi-
ronment. Reusing slag, a common waste stream of pyrometallurgical extraction pro-
cesses, as construction materials serves to reduce the impact on the natural resources 
currently used in construction industry such as sand, gravel, and crushed stone. Every 
year 12–16 million tonnes of ferrochromium slag is produced, a majority of which is 
dumped in landfills. The mechanical properties of this slag make it a potential material to 
be used as an inexpensive construction material, the utilization of which can reduce the 
use of natural resources. Despite its potential use, ferrochromium slag is treated as a waste 
due to environmental and health concerns regarding the leaching of its heavy metal con-
tent, the most concerning of which is carcinogenic chromium (VI). Research has shown 
that the spinel phase in ferrochromium slag stabilizes chromium by trapping it in the 
spinel structure and preventing its leaching to the environment. This study examined slag 
samples of the MgO-Al2O3-SiO2-CaO-FeO-Cr2O3 synthesized at 1650 °C. The slag was 
synthesized to mimic the possible composition of the Ring of Fire’s ferrochromium slag. 
Samples were heat treated before quenching. Leaching tests on heat-treated slag samples 
showed that samples held at 1400 °C have the lowest chromium leachability. Higher Cr 
leaching is observed from samples as the Al2O3 content increases. An increase in basicity 
in the range of 0.3–0.7 increases the amount of Cr released from the samples during 
leaching experiments.
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1 � Introduction

Ferrochrome production involves the production of slag as the by-product at a rate of 
1.1–1.5 times that of the metal itself. This results in a global ferrochromium slag pro-
duction of around 12–16 million tonnes annually. Although most of this slag is dis-
carded as waste in landfills, it is an attractive construction material due to its suitable 
mechanical properties. Ferrochromium producers from Finland, Sweden, and Russia 
have utilized slag in road making and building materials [1]. However, the use of fer-
rochromium slag as a construction material is still in its infancy mainly due to 
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environmental concerns about the content and leachability of heavy metals, especially 
chromium. Environmentally safe utilization of this slag would offset the cost of produc-
tion and reduce the impact on the natural resources used as these aggregates.

The leaching of carcinogenic Cr(VI) from ferrochromium slag is a major environ-
mental concern for its application in the construction industry. The slag composition is 
expected to have a strong effect on the leachability of Cr from the slag.

This study examines the chemical composition of a synthetic ferrochromium slag 
for its utilization as construction materials. The main concern with the utilization of 
ferrochromium slag as a construction material is the leachability of Cr and its oxidation 
to carcinogenic and environmentally hazardous Cr(VI). Canadian and Ontario criteria 
require a maximum 2.77  mg/L of total chromium in aqueous waste leachate using 
TCLP (Toxicity Characteristic Leaching Procedure) leaching method [2].

2 � Methodology

The chemical composition of the synthesized samples with variations in Al2O3 content 
and basicity (CaO/SiO2) is shown in Table 1. Reagent-grade oxides were mixed in an 
agate mortar before being pressed inside a MgO crucible. The sample was then hung 
inside a vertical tube furnace using Molybdenum (Mo) wire. Following melting, the 
temperature was reduced to 1400  °C and held for 12 h. After the holding time, the 
sample is dropped in a bucket of cold tap water for quenching, by cutting the Mo wire. 
Quenched slag samples were extracted, milled, and sieved to <106 μm for leaching and 
chemical analysis.

Previous studies have examined the leachability of Cr from EAF using various 
leaching tests such as DIN 38414-S4 [3, 4]. However, in the present study, the leaching 
experiments were conducted using AV002.1 availability test [5] on slag samples with a 
particle size of <106 μm using the extraction liquid of 50 mM EDTA. The pH of the 
solution was adjusted to 7.5 before leaching by using 2 N nitric acid (HNO3) solution 
and 1 N potassium hydroxide (KOH) solution. One gram of <106 μm slag with 100 ml 

Table 1.  Chemical composition (in wt%) of synthetic slag.

Series Basicity (CaO/SiO2) Al2O3 MgO SiO2 FeO CaO Cr2O3

A1/B3 0.5 20.00 25.00 30.00 4.00 15.00 6.00
A2 0.5 15.00 25.00 33.33 4.00 16.67 6.00
A3 0.5 12.00 25.00 35.33 4.00 17.67 6.00
A4 0.5 9.00 25.00 37.33 4.00 18.67 6.00
A5 0.5 6.00 25.00 39.33 4.00 19.67 6.00
A6 0.5 3.00 25.00 41.33 4.00 20.67 6.00
A7 0.5 0.00 25.00 43.33 4.00 21.67 6.00
B1 0.3 20.00 25.00 34.61 4.00 10.39 6.00
B2 0.4 20.00 25.00 32.14 4.00 12.86 6.00
B4 0.6 20.00 25.00 28.13 4.00 16.88 6.00
B5 0.7 20.00 25.00 26.47 4.00 18.53 6.00
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of EDTA extraction liquid was placed in 150 ml high-density polypropylene (HDPP) 
containers. The extraction containers were tightly sealed and set to rotate in an end-
over-end fashion for 48 h at 35 rpm. The leachate was then filtered to remove the solid 
residue. The leachate was analyzed with ICP-AES [6].

3 � Results and Discussion

Slag samples A1-A7 were prepared with Al2O3 content varying from 0% to 20%, to 
study the effect of Al2O3 content on the Cr leachability of FeCr slag. The Cr concentra-
tion of the leachate obtained from slag samples A1–A7 with particle size <106 μm is 
shown in Fig. 1. The Cr concentration increases from 0.10 to 0.18 ppm as the Al2O3 
content increased from 0% to 20%. The increase in Al2O3 content of the slag promotes 
Cr leaching out of it. It is proposed that Al3+ ions replace the Cr3+ ions in the stable 
spinel phase that resists Cr dissolution in water. The Cr present in silicate phases 
(Åkermanite, olivine, quartz) of the matrix would not be able to completely resist water 
dissolution and thus leach out of the slag.

Slag samples B1-B5 with basicity ranging from 0.3 to 0.7 were made to determine 
its effect on Cr leachability of FeCr slag. A noticeable Cr concentration difference in 
the leachates is observed by increasing basicity. The leachate of slag B1 with basicity 
of 0.3 has 0.15 ppm Cr. The Cr concentration increases to 0.25 ppm for the leachate of 
sample B5 with the basicity of 0.7 (Fig. 2).

The Cr content of the leachate of all the slag samples examined in this work are 
below the Canadian and Ontario criteria of maximum 2.77 mg/L of Cr in waste leachate 
using TCLP test. The Cr content of the leachates is also lower than the non-potable 
ground water limit of 0.81 ppm total Cr but higher than Ontario’s total Cr content stan-
dard limit of 0.05 ppm for drinking water [7].
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Fig. 1.  Cr concentration of leachate as a function of Al2O3 content of slag using AV002.1 availability 
test.
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Fig. 2.  Cr concentration of the leachate vs. basicity of the slag using AV002.1 availability test.
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